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The indicuted horsenower of a two-stroke diesei engine var- 
iss directiy witn scuveneing efficiency, other things beinf con- 
Stunt. Therefora, any improvement in scuvengine efficiency (e,) 


ut constant scavenging ratio (R,) will increase the indicted 

























horsepower. The odject of this thesis tus vean to determine tie 
curves of ¢s versus te for three engines using different systens 
of scavenging. Yrom these curvsas, the rei:tive merits of tie 
ti.cee systems huve been determined. 

The method used was to draw curves of fuel wir ratio versus 
exnaust fus comronents bused on  xiaust Sempies tuken from two 
four-stro:e engines where the fuel air rutio was known. The 
samples were taxen with uw Samrline valve pliced in tha exnuust 
manifold. ‘fhe sum:1es were anaiyzed for exhaust corponents using 
an urset 248 anilyzer. «ith the curves csveloped on tie four- 
Stroxe enyines us a basis, the fuei air ratio of the three two- 
stroke engines was determined. Vinis was done by teusuring the 
fuel supplied, air supplied, and determining the fuel sir retio 
Pymema.uSt gas sumoles. fFror this data, curves of €. versus Xs 
were drawn up for the three enfines. 

results 

The curves of fuel uir rutio versus exhaust 7'as components 


(Figure 7) obtuined on the four stroke engine agreed with the re 





sults of other experiments. vhe curvesof e, versus 2. for the 


loop scuvenged engine (Figure 10) are in agreement with previ- 


ously published curves of the MIT 2 stroke loop scavenred envine. 
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The curves Of 6. versus %, for the through scavenged ported en- 
gine (Figure 8) and popvet valve engine (Figure 9) are reusonuble. 
No eurlier duta is available for comparison. 

Of the three engines tested, the General Motors 3-71, poppet 
telyec, through scavenged engine showed the highest e, for any 
burtioular value of i,. The Fairbanks Morse model 38E5i through 
scavenged opposed piston sngine, was next highest. Both these 
engines showed better values of ®, than those for complete mix- 
ing. (See Figure 11). 

The M.1I.T. modified C.F.R. loop scavenged engine showed the 
lowest values of e, for any particular value of Rs. This engine 
evidenced mixing and short circuiting of scavenging air. 

The values of scavenging mean effective pressure for the 
engines were in exactly the same relation as the values for Gs, 
the General Motors engine being the highest. This would indi- 
cate that although the 6, is highest in the G.M. engine, it does 
not mean a higher brake mean effective pressure. Carrying the 
Scavenging ratio beyond 1.0 has inoreasingly diminishing returns 
for the scavenging pump power expended. Umphasis should be 
placed on port flow coefficients instead of wasting power in driv- 
ing @ scavenging pump to achieve « high o,. 

The field should be further investigated and these results 
improved by examination of isolated cylinders. although piston 
speed is a weak function in the relation of e, to R,, the effect 


should be investiguted. The effect of fuel-air ratio on the e,, 


Re relution should be established. 
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INTRODUCTION 


The increasing number of compression ignition engines de- 
signed to operate on the two-stroke cyole principle demunds fur- 
thur investigation of this method of operation. The improvement 
in output of two-stroke engines usuaily centers around the prob- 
lem of obtaining good scuvenging eTriciencick as shown by the 
formula for IHP: IHp = Pot NVgFECQ, - For a given bore, stroke, 
and RPM, IHP = Kpgeslt- Any improvement in es, at a given R,, 
will increase engine output. Yet, the reletionship of e, to R, 
is one of the few items of the internal combustion engine that 
has not been investigated to the degree necessary for sound de- 
Sign decisions. 

The difficulty in the past has been the lack of a simple, 
acourate, and easy-to-use device for obtaining a sample of the 
combustion products of the engine before they have been diluted 
by the scavenging air. 

The purpose of this thesis was to develop such a device, 
a8 Outlined above, and to then investigate e. versus R, for 
the three types of seavenging generally used for two-stroke dies- 
el engines. 

A Simple type of sampling check valve pluced in the exhaust 
manifold had been suggested to a previous thesis group, (MSZASURE- 
MINT OF SCAVENGING EFFICIENCY OF TEE TWO-STROKE ENGINE: «a COM- 
PARISCN AND ANALYSIS OF M:THODS) by Professors C. F. Taylor and 
A. . Rogowskl | Some preliminary tests were made with this sampl- 


ing valve, but no definite conclusions were reached as to its use. 


a 
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As u Starting point for this tnesis, it was decided to further 
investigute the use of this valve. 

In the past attempts to guther samples of the cylinder 
combustion products from the cylinder required complicated, 
mechanically-timed Ssumplins valves, since the valve must be 
closed during the scavenging period. The basic idea of this 
valve is thet if it can be placed close enough to the exhaust 
yorts or valve to utilize the dynumic pressure of the exhaust 
gases during the cylinder blow-down period, a sufficiently high 
Sumpling pressure can be built up in a receiver behind the 
check valve, to keep it closed apainst scavenging pressure. 

The valve was first tested using a stundard CFR four-stroke, 
Spark ignition engine to see if a representative sumple of the 
exhaust gases could be gathered, and if a sufficiently high 
Sumpling pressure could be tKuilt up. The engine was run ove: 
a wide range of fuel air ratios und the exhaust gas samples 
were analyzed for CO., CO, and O5 using an Orsat Analyzer. 

The samples anulvzed checked well with the published 
curves of exhaust gus content versus fuel air ratio by 
De Alieva and Lovell. The conclusion reached was thut a rep- 
resentative sample cf the exhaust gases could be obtained us- 
ing a sumpling valve of this type. 

Pressure well in excess of any scavenging pressures used 
for two-stroke engines was maintezined in the receiver. There- 


fore, it was concluded the check valve would remain closed dur- 


ing the scuvenging neriod. 

There were no published curves of extiuust gas content vers- 
us fuel-air ratios in the range of diesel angine operation (F/A 
02 ~ .05). The next step was to develop these curves. | four- 


stroke CFR engine, modified by use of 4 Comet head vorecombus- 











tion chamber, und equipred with ewe unit fuel injection valve, 

was used for this part of the investigation. ‘Yhe sumples were 

analyzed for CO, and O05 (no CO is present ut low fuei air ratios) 

and snooth curves were develoned (cee Fizure 7). It was again 
vossible to build up Satisfuctory buck pressures in the exhaust 

Sample receiver. 

The three tynes of two-stroke engines investigated for the 
development of scavenging efficiency (e,) versus scevenging ra- 
tio (Rg) curves were: 

i. aA three cylinder, two-stroke oprosed pi.ton Fairbanks 
Morse sngine odel 3825+ representing the "through 
scavenging” type with opposed pistons. 

2. A 3-71, GM, two-stroke diesel model representing the 
"through scavenving" type with poppet valves in the 
head. 

3. «i Single cylinder, two-stroke, wvusoline enzine ejyuipned 
with unit fuel injection representing the "loon Scivenz- 
ine” tyve. 

The products of combustion were gathered durines the exhaust 

blow down period with a sufficiently high sampling pressure 


built up in the receiver to insure thut the samplins check vilve 











was closed during the scavenging process. The exhaust sampies 
were analvzed, Scuvenging efficiency und scavenging ratio cal- 
culated, and the points plotted (see Figures 8, 9, 10, il). 


In the multi-cyiinder engines, exhuust samples were analyz- 









ed from euch cvlinder but no attempt wus made to isolate indi- 
vidual cylinders - cue primerily to lack of time. Since the 
salculations of es and R, are bused on the total amount of air 
and fuel used, the ussumption was made that air and fuel were 
venly divided between the cylinders. In euch case the result 
of individual cylinder analysis is plotted and the curve of 6, 


versus R, is drawn through the mean of tne points. 








PROCEDURE 


The procedure outlines the steos taxen to obtsin the data 


und results presented in this puper. The many difficulties, the 


blind alleys, und the lessons learned sre included in the appen- 


dix. 


The procedure falls into five senpariute cuatscories: 


te 


Determinution of the relation of fuel-air ritio to 
some of the exhaust gus components (CO5, Co and Co), 
in the four-stroke, sperk ignition engine by the use 
of a samplins check valve in the exhuust blow-down 
strean. 

Determination of the relation of fuel-air ratio to 
some of the exhaust gas components (COs, CL, 09), 

in the four-stroke, compression ignition enrine by 
the use of a4 sampling check valve in the exhaust 
blow-down strearc.. 

Determination of the relation of scuvenging rutio 

to scavencing efficienoy in a two-stroke, oprosed 
piston, compression ignition engine «et a single pis- 
ton speed. 

Determinution of the relation of Scavenging ratio 

to scavenging efficiency in a two-stroke, poppet 
vulve, compression ignition engine «et a Single pis- 
ton speed. 


Letermination of the relation of scavenging ratio 











> 


to scavenging efficiency in & two-stroke, loon scav- 


enged, gasoline injection, spark ignition engine. 


FOUR-STROKE SPAarnk IGNITION ENGINE 

A C.F.R. engine was used for this pert of the investigution. 
A Sampling check vaive™ was inserted into the exhaust pipe. The 
position of the valve tip was adjusted to receive the full inm- 
pact of the blow-down pressure waive. Tne valve wus connected 
to the sampling apparatus as shown in the schemutic diagram. ** 
It was possible to get a pressure behind the Sampling valve 
(sampling oressure) of 17" Hg. when the valve was correctly ad- 
justed. The sampling pressure wus never allowed to dron below 
12" He., while samplins, to develop 4 technicue for future ex- 
periments with two-stroke engines. An OUrsat”** apparutus was 
used to analyze the gas samples. 

After the engine had been run to the point of thermal 
equilibrium, samples were tuken of the exhaust gas at various 
fuel-air ratios. Each sample teken wus analyzed end plotted. 
All points appear in the finished plot. all runs were at full 
throttle. Carburetion was uccomplisned by using a steam juck- 
eted vaporizing tank. The speed was kept constunt by the use 
of an electric dynamometer. air consumption was measured by the 
*~ plate 4 and appendix. 


** plate 2 (the urrungement of the G.3). und the C.F.R. ure the 
Same). 


*** See appendix. 
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pressure drop across 4 squure edged orifice.” Fuel consum- 
ption wus meusuresd by a rotometer. The fuel wes 100 octane 
seasoline. The fuel-cir ratio was varied from .076 to .05. 
Care was tuken to completely purge the exhaust system between 
i ikes of fuel-air ratios. 
FUUR-CTHOKE COMPRESSION IGNITION ENGINE 
A C.F.x. angine, modified by use of a Comet head (precom- 

bustion chamber), wus used for this part of the investig.tion. 
The sumpling valve was inserted into the exhaust pipe proxi- 
mate to the exhaust valve to receive the full impuct of the 
exhaust blow-down. The procedure used in this vhuse of the 
investigation was simiiar to thnut used in the previous step. 
The fuel-air ratio was varied in this case from .02 to .06. 
The relation between fuel-air ratios und exhaust ¢ss compon- 
ents from .02 to .076 was established as & result of steps one 
und two. ** 

THE FAIRBANKS ..OXSE MODEL 38, £54 TXO-STaxOKZ, OPPOSED Pie ron: 

COMPHESEION IGNITION ENGINE 
The engine und related equipment was set up us described 

in the schematic diagraum.*** Full load was uppiied to the 
engine through its direct coupled generator. tlectrical power 


waS absorbed in a resistance crid. The engine was run at 


* Fieure 1 and detuils of uir measurement in the appendix. 
** Figure 7. 
-** Plate IL 














See 


1200 r.p.m. (1,450 ft./min. piston speed). The air inlet to 
tne scavenging blower was wide open. Air and fuel consumption 
were meusured as in steps one and two. 

After thermal equilibrium was reuched, sampling wus berun. 
The sampling check vulve was inserted throuch the pyrozieter in- 
let. The valve was edjusted to receive the full impact of the 
blow-down exhaust gus. <A sampling pressure of 10" Hg. maximum 
wes obtained. The scavenging air pressure was 6" Hg. Sampling 


of the exhaust gas was done with a sampling pressure of 7" He. 





A series of five Separate analyses were taken from each 
of the three oylinders. Two sumples were anslyzed with the 
Crsat equipment, and three with the Havs flue zas analvzer. 

It was necessary to shut the engine down each time the sampl- 
ing valve was shifted from one oylinder to another, but in each 
ease tlie original operating conditions were reproduced. 

In order to find the relation of 8. to Ry at a different 
point, the air inlet to the scavenging air biower was throttled. 
The load wis then sdjusted downward, to produce the same fuel- 
uir ratio as was obtuined at full load and wide open uir inlet. 
To obtain the value of the load to give the correct fuel-air 
ratio, the number one oylinder exnaust was analyzed until the 
gas components checked with the previous run. The exhaust of 
uli three cylinders was then analyzed as was done in tne pre- 
vious run. The method of translating the exhaust sample anal- 


yses into the scavenging ratio und scavenging efficiency for 








ee 


this und all other engines is included in the sample computi- 


tions to be found in the upvendix. 


iis GENERAL MOTORS SihIieS 3-71 POPPET VALVE, CulMPRdSSION IGNITICN 
tNGINE 





The 71 series engine .ith its reluted aguipment is shown 
in the schematic diagram appended.* This engine had a single 
water cooled manifold to handle the exhaust eas from all cyl- 
inders. This manifold was pierced opposite eech exhaust pas- 
sage and fittings brazed in place to accommodute sumpling valves. 
Bach cvlinder had two exhaust valves. Gnly one was utilized to 
sumple the exhaust gas. 

Air and fuel consumption were insasured we dest oce. Samplins 
of the exhaust was started after thermal equilibrium vas reuched. 
A sampling pressure of 14" He. maximum was obtained after th 
sumpling valves were correctly adjusted. Sumpline was done with 
a sampling pressure of 12" tle. The scuvenging air pressure «at 
full load wus il” He. 


as in the cuse of the FR. engine, the first sumples were 





taken with the engine fully loaded. The air inlet to the scav- 
enzing blower wus wide open. The loud was applied through «a 
resistunce loaded electric dynamometer. The engine spesd was 
held constunt at 1740 r.p.m., (1,450 ft./min. piston speed). 
wil three cylinders were checked in succession and then re- 


checked to insure reproducibility. 


Peeate gL. 
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The @, and R. were changed in the same manner as with the 
FM engine and sgain all cylinders were checked twice. at leust 
five Orsut readings were taken during euch check of a single 
cylinder. 

The interpretation of the Orsat readings and their trans- 


lation into e, and KR. values is to be found in the appendix as 


8 
part of the sumple calculations. 


meer SCAVANGED, M.I.T. MOVIFIED C.F... SNGINE cITil C..SOLINE 
INJECTION «waND S! ARK IGNITION 
The engine and its related equipment was set up as des- 
cribed in the Schematic diagram.” Air and fuel consumption 
were measured as before. Scavenging air was supplied from an 


outside air compressor which did not draw on the engine for its 





motive power. Unit gusoline injection was accomnlisned witn all 
ports closed. The speed was maintained constant at 1,930 r.p.m. 
(1,450 ft./min. piston speed). The loud was applied through a 
resistunce loaded electric dynumometer. The sampling valve was 
pluced in the exhaust port about 1/16" from the inside oylinder 
wall and et an angle of 60° to the axis of the cylinder. 
Scavenging pressure ut full loud was 8" Hz. The sampling 
pressure was 30" muximum. The sampling woressure was maintain- 
ed at 9" during the sampling process. The cylinder was checked 
st full ioad. Two more sets of anulyses were made at cifferent 


values of scuvenging ratio and scavenging efficiency. These 


* Plete III. 





= ie 















points were obtuinsd as before, by reducins the scuvengine air 
pressure und the loud, but muintsuining the fuel-air ratio and 
speed . constant. No difficulty wes experienced in obtuining 
sufficient buck pressure at any point to insure obtaining u 

true sample of exhuust gas. ‘The interpretation of the result 
of the exhaust gus analyses und trunslution into terms of = 


and 2, are to be found in the sample culculation. 








UESU LTS 
2 eee Re MO ake Say 


Ll. The relution vetween fuel-uir retic und turee of tie 















compcnents of exhuust -us, (CU., CO and Uo) waS eStubiisiied 


* 
- 


Soraceony 


Mera range of fuel-air rm:itios fron .v2 to .G9. (Ces Fietire 7a 

20 «. Sumplin:s check valve, crie«einully surcested by 
Brores.ors Cc. F. Taylor and a4. kk. rtozvowsSki, was modified and 
used successfuliv to collect renvresentutive sumiies of the ex- 
hiust g.s in the two-strore internus combustion envine. 

3. The relsution of scavenrinyg efficiency to se::venzing 
Meeero in the 4..1.T. modified C.F.x. engine, tie GCenerul Motors 
3-71 enwvine, and tie Fuirbunks Norse model 385} enrine was 
‘estubsished at w ciston sneed of 1,450 ft./min. (See Pisire tie 

4. The relution of the scuvengins efficienc:’ tc scaveng- 
Mameratio in the ..I].T. modified C.F.d., gugOline injection, 
two-stroke, loos sczvensed, engine as aeters.ined by use of tne 
sumpling check valve, combured favorubiy with the same rela- 


tion rreviously computed for the .7.I.T. two-stroke ensine. 











oo 


DISCUSSIUN UP TERE wiSULTS 


FuUabealit «ATIO VS BAM AUCT GaS Cul rONsntS 


at the sturt of the investigation there were wevailable 
the relations vreviously estabdlisned by Dp’ slieva and Lovell 
(1) and Gerrish and Means (2). sfter this nhase of the inves- 
tigation wes comvleted the relutions established by Elliot and 
Davis (3) were made avuilable. The latter covered the comnres- 
Sion ignition type engine; the former two, the spurk ignition 
engine. sli engines were four-stroke. 

fhe results of this investigation were plotted not us a 
single line but rather as « bund to include the vuriutions in 
the analyses. No attemct wus mude to rationalize the results 
by application cf an arithmeticul averuge or by the method of 
jeast squares. It was reasoned that successive anulysis of 
the two-stroke scuvenred engines would contain the same varia- 
tions as in the four-stroke investigations und that any attempt 
to reduce the scatter to u single line would introduce errcrs 
in the future use cf the curves. 

The results of the previous indenendent investigutions all 
full within the bund ;roduced by this investiguticon. 

Beyond the chemically correct fuel-air ratio (.0665) there 
is « greater scutter in the unalyses than in the leaner regions. 
This was found to be true in tie references used for comparison 


aS W@ll us in the results of this investicution. 
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The reuscn is not immediutely aprurent. .ith the use of 
«a Steum jucketed vaporizing tank instead of the usuel means 
of carburization, it wus expected that a uniform, homogeneous 
mixture would be fed to the cylinder. This would seem to ex- 
clude the rossibiiities of stratification und poor rixing ef- 
fects. 

It might ba reasoned that the increase in fuel-air ratio 
would iead to higher cylinder pressures und temperutures be- 
tween the chemically correct mixture and the best power zixture, 
und therefore the physical conditions cf combustion of the 
Churge would be ultered. This is undoubtediy true, but with 
the engine running aut thermal ecuilibrium and the vuriunts held 
ecnstant, it does not explain the variation in the exhaust gas 


dmulysis 4% the sume fuel-uir ratio. 


OPERATION UP Ti SaWPLING Chace VACVE 

The valve was v:laced in the exhaust siping so that it 
received tne euriiest rurt of the exhaust gas blow-down. ‘rhe 
pressure fiuintained behind the check valve wis never ailowed to 
gO below scavenging uir pressure. It was usuully maintained ut 
from 1/2 to 1 inch of mereury uebove the scavengines air pressure 
tc insure no contamination of the sample. 

fil analyses of exhaust gas Samples taxen with the samoling 


pressure above but close to the scavenging air voressure were 


consistent and renroducible. ‘hen the seavenging air cressure 


wes hirher than the sampling pressure, the analyses were erratic 
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und could not be reproduced. The 0. content of such sun»les 
increased noticeably. 

It might be argued that the sampline valve extructs its 
Sample ut 4 particuiur point in the »biow-down only anc thus 
mignt concsivabliy be affected by strutificetion in the cylin- 
@er. This is not true. It is true tiat stratificution in 
tne cylinder does exist, particulyurly at the lower fuel-sir 
ratios. If the check valve were mechanicully operated to ex- 
tract a sample during a short interval during blow-down, then 
it is conceivable thut the sume strute might be saimnpled each 
cycle. Tne same condition might exist if the spring behind 
the check vulve were to exert enough force to cuuse it to oper- 
ate only over u small runge of pressures. 

The saseous loaded check vulve oliminutes uli these possi- 
bliities by providing a variable "spring". It can thus extract 
un exhaust eus Sample over any range of pressures from the sxl- 
mum blow-down sressure on down. The valve can be mude tu do 
this becuuse it hus 4 very narrow seut. The line of contuct 
between the seat und the valve was made by lupy,ins two cones 
of different angles together. The line of ccntect is narrow 
enougii so thut the area exposed to 2xhuust biow-down can be 
considered equal to tut axposed to the sampling pressure on 
the valve. at the sturt of Sumpling the spring load is such 
thut it can be overcome by the scuvensing pressure alone. The 
valve therefore nzsses any and all products cominse throueh the 


exhaust pussuge. If the sumoling cressure so formed is allowed 








tc build up behind tne vulve, and the ieuKxuse pust the vulve is 
nevlizible, then soon the sampling vressure acting on the valve 
Will upproximate the maximus blow-down pressure. At this wsoint 
extraction will ceuse. The sumpling pressure on the vaive cun 
be regulated by bleedin. off the excess to the atmosphere. If 
the sampling pressure is heid just beiow thet of the maximum 
blow-down ;ressSure, tle valve will be very swlective and admit 
only the products of the first purt of the blow-down. By re- 
ducing the sampling res:ure to a point just above that of the 
scuventing air nressure, the valve can be mude to extract a 
Sample cf the exhaust from the start of blow-down to the bein- 
ning of scavenging. The seampline pressure was held one inch 
of mercury above tile scavenging pressure to insure no contam- 
Paation due to dynamic effects. 

after prolon:ed operution in the easoiine two-stroke en- 
“ine without cooling the valve tip, the spring wes found to 
have been permanently deformed to the point where it could not 
possibly bear avainst the valve. This wus adejyuate proof thut 
the spring lost its significunce ufter the »ressure wes once 
merece. Lt is not too fer from fuct to nazurd a suess that 
the spring could be left out of the valve entirely. The sumpni- 
ing »ressure could be built un with comoressed gas before op- 


eration and the valve would operate normally. 
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SCAVENGING EPFPICIENCY VG SCaVencinGg kATIO 


IN THE ..D.T. MCODIFIAD C.F... eNGIni 


Figure 10 is a piot of the results obtuined fron the runs 
on the M.I.T. C.F... Engine. This was a single cyiinder engine. 
The geometry of the exhuust system made it possibie to iocute 
the sampling vulve in the full biust of the inltiaul exhuust 
biow-down. For this reason, sum dling pressures ss high aes 30" 
il@. were obtuined. During Sampling, the sampling sressure was 
maintained 1" He. ubove scuvenring nressure. 

The samples taken were consistent over the whole series of 
runs. The vaiues of €, versus R, are plotted in Figure 10 along 
with the curve of @, versus 2. for the M.I.T. loop scavenred, 
two-strozxe engine. The ...1I.T. two-stroke envine is reecnetrically 
Similur to the M.I.T. Mod. C.F.&. @Gnsine. Tne uztreement of the 
results of this thesis with the curves of thee/.I.T. two-stroke 
obtuined by an entirely different method seer to verify the «s 
sumption that it is possibie to obtuin uccurute results using 


the sampling vulve technique. 
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SCAVENGING SFFICIENCY VS SCAVENGING aATIO 


IN TH GENERAL MOTORS 3-71 ENGINE 


Figure § is a plot of the results obtained from tne runs 
on the GH 3-71. This engine hud two exhaust valves per cylinder. 
The exhaust manifold urrangement mude it very difficult to place 
the sampling valve in the proper position to obtain high sampl- 
ing pressures. The initial exhaust samples were taken with a 
sumpling pressure of 9" Hg. Tunis was 2" He. below the scaveng- 
ing pressure. It was reasoned thut the pressure drop through 
the inlet and exhaust ports would be greater than 2" He. and 
that therefore the sampling check valve would remain closed 
during the scavenging process. When samples were taxen on this 


basis and the results plotted on the e_ versus Rg curve the 


3 
points were sc:ttered. The majority of points gave a high val- 
ue of e,. This indicated a lean mixture or contamination of 
the sample with scavenging uir (i.e. the valve was not renain- 
ing olosed during the scavenging process). 

After the position of the saxpling valve was chansed to 
muintain a sampling pressure ubove scavenging pressure at all 
times, a new series of runs were made. Under these conditions, 
the points of all three cylinders were consistent and repro- 
ducible. As a result, it was reasoned that, due to dynamic 
effects during the scavenging process, a pressure of 9" Hg. was 
not high enough to prevent contamination of the samples with 
scuvenging air. For this reason, the initiai runs at a sampl- 


ing pressure of 9" Hig. ure omitted from the comvosite plot. 
(Figure 11). 
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OCAVENGIGG GFFICLENCY VS SCAVENGING RATIO 


In THE FAIX BANKS 3ORSE 38851 


Figure 8 is a plot of the results obteined from tue re- 
Sults on the Fi 3585 engine. Tne Fairbanks Morse three- 
cylinder engine was tie first two-stroke engine tu be tested. 
Total air and fuel flow to the three cylinders was measured, 
and it was assumed that the air und fuel distributed ejually 
among the three cyiinders. The first run was made at 1,242 
mepem. (1,500 ft./min. piston speed), which wus 42 r.n ml. Ubove 
rated speed. The maximum loud possible was upplied. * series 
of points at different vaiues of R were taken from exhuust 
Sampies from @ single cylinder. For tle next series of runs, 
the engine sveed was reduced to &/72 r.p.m. “nen the results of 


the 872 r.p.m. runs were plotted on an 6, versus R curve 


S 
(Fieure 8) the points were very erratic. t was reasoned that 
these erratic resultsS were caused by peor distribution of air 
or fuel between the cylinders, when the ensins operated beiow 
ruted speed. A check of Samples from all three oylinders at 
G72 r.p.m. and constant x. showed a widé variation in eo: 
Sumples were tnen tuken fron all three cylincers at ruted snesd. 
These samples showed little or no variation in e, at constant 
Ro. This seemed to verify the reasoning of unbalance in fuel 
spe. 
Or air distribution at other than rited ee. It was very dif- 
ficult in this engine to measure the flow of xuir and fusi to 


u Single cylinder. For these raasons the runs at 872 r.pel. 








ee 








were cmitted from the composite curves, Figure 11. The runs at 
1,242 rep.m. seemed to check well with the points for the FM 
engine plotted on Figure ll. These points were omitted from 


Figure 11 because they were at a different piston speed. 
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Moline checx vuilve is upnenced. This valve was aeveioved 

by Sppiyins design chances to tue originul sempiins vauive used 
Mmemunesis grcup of Waldron, dgiler, Irish, and Amri in tieis 
Mees “secusures.ant of Jcavenving “fficiency of the Two-Utroke 
Meee: 2 COmu.rison una «nalysis of Methods.” 


Mig Success ci the sunplins vusve depends on its ibiiit 


<a 


Mos CXiuaust procucts from the cyiinder, and tc exciude 
Mevetcing air. This was uccompiishea by maintuinim: «a jpres- 
Meer benind tie ciueck vaive (Sunplins pres:ure) slivgntiy hivcner 


@. “wus Vulve was desifened with 


es 


man tae scuvenvzing air pressu 
fine contuct between the seut und cheex vuive. This desi-cn 
mde the ares of the checs vive exposed to blcew-dovwn «pireoxl- 
itely Peuel tc the ure. vaputéd to Sumpiings yreas.ure. In tnis 
Mmer tuitiniyins effects Cf vas.vae eras and preswurse .ery eili- 
Bieved. fhe check Valve Wwus Spring lokded to srevent cactter, 
ind CO ussict the initial building un of back vreaessure. The 


Check vulve was designed sc trut travel sas sositive sto~-lizited 


te 


Mey the cdiumater of the se tine aurea. The valve was aa, e4 
Meee. tizit seut before use. ~The Leukusee was not important 
Seeeeeewicer it Wus Larce encucsh to miterisliy Lower tue surwiins 


P@ssure. 








48 mu.S been mentioned ubeve, the vuive descr ted «us tae 


tesuit of chunzes :ude us tlhe investigiztion udvuncedcd. ‘Tne 
























Mageinind Vaelve tec «x wuter-jacketed tir for coolimge. The cot.- 
mmemater jines to the tiv increased the overuli di.neter cf 
tia Valve tis. The s:xces in wiich tine vaive was piuced vere 
Mentined, und the ti: iad to be offset from the center dine of 
meeecOllecting tube. ‘Ti:e cooline water lines prevented ivca- 
Bion er tie Valve in this resiticn. it wis ncticed thut cut- 
Bane off tia cuoLine water seeled tc nuva sittie effect on trae 


Meetve tip operation aucin= the runnins df the four-stroke en- 


Mes. FOr tiese reuscns, the cooling aines te thie vulve tip 


mere removed. Cooling cf the tip wus uccom™iisned by comj;tLete 


fewer jacKkctine of tre colivcting tube ceidins to the tin. 
Memecdditicn to the Chanme in cooling tre vuave tin tice 

to ve redesivned to et sufficient sumcling cressure sith the 
reduced blow-dci:n oressure of the compression inmniticn on ines. 


Meeermentrance hose ut tie tin of the criginat vulve Vus vary 


Meee. «6S Hcle Wes eniurged to ive the suses h betber chunc 


~~ 


s 


tG strike the vzaive plunser. ‘Ihe orifinul valve aud | dull 
meme. It was difficuit to keen tiis saut tivit becuuse the 
Peeve 2Ulds n:id been tude Loose te frevent stickin: .t hieb 
Temper:turas. « new vuelve wus muanufuctured with close vuide 
Seerances, (unnroxir-tely .CO2" to .CO3”" in diweter) and a 


BOY Merle tin. The seat was aude 305% ral iPranter ent 44.0 


69) 


<, 


Meecidins value, and ut ti.e Same time uo vecy narrow. iine 





~f cont.ct could be sstublisned. 


The ulizstiial vaive tis »43 Screwed un the case with 2/72” 
















Bape tiiread. The position cf the tiv on the base tas criticel 
Merce it cuntrouied the vulve travel. Such an urrun:ement 
Meant that travel was 2 function of tie devree of tisntness of 
the tiv. Further, waur cf tue threeds reduced travel cf the 
Mee, )«= Gis was cuunged by rakinv the threads 5/16"'N.F.T. 
Bod using «a brass Svucer washer to iine tre jcint between tir 
fese tient. The vuive ienstn, tie pes@itive stop, und the 
Beuss wasier were cw1l meee SG tiwt tue correct trive te wes 
Mewen tie Vuive upon usseibiy. This vaive, «as redasizned, o;- 
Meed Sublisfu.ctorily on the FM. ebgine. rroner i.ocation if 
* le, 
Mee Vilve with water Jjucceted cotlectin; tube 123 iniveseibie 
Mme Ges. Om fl. The valve tiv iwd tu bea loe.ted by triai und 
Beeree. iinis re.uired cuntinual bendin: cf tie collecting tube. 
Tre jucreted collecting: tube could not Stund this bendins;. The 
Bepeer, vw.terc jucketed coiiecting tube was re>.suesd by a 1/4" 
MeeecUlircectine tuoe with no :.ruvision for cco.in;. The 
Memeevo functioned crc,oerly with nce coolunt. This vuive (see 
Memeo y) Wes usea on the G.!. 3-71 ..nd t.I.T. Gl. C.F.R. 
Pueineés. 

Mew is noted uLon disas@eiibiin this VOELVG,. UW cic 
mean fad been yermununtiy Gistortad to the reint wiere it 


ees Sue isnt: .s tie ,ositive ctop on whict. it was 


Merced. Ubvicusiy it ..d no effect cn tha vive during 





M@eeraticn. Fron this it mu. be coneluged, t.uut oxcefit fcr tue 

















Mnitici build up of pressure und the nerevention of chatter ini- 
Meany ths sprins Gud neo use. It is believed that if the back 
Meessure were buiit up by ecm,ressed ulr initiuliy, the springs 
eculd be eciiminated. 
mn effort wus mede tc uevelon . sutesi bodied, external 
Check Vualve «with a steel ball vusve. It wis reascned thut it 
might .»we mounted on u Small copper probe external to the muni- 
foid und permit better iccition of the probe in the exhuust 
bicw-dcewn stream. 

mae Dell froved 4 poor check. an sluminum plunzeresith 
rubber C ring fsasKet wus substituted. This vulve built up 
£00d Sumpling pressure. In actual use on the Fairbunkxs 
s%Orse engine it coliected Sumples wiiich ware very bie con- 
tuminuted by scuvenging air. This was probubly due to dynunic 
effects in the probe. The valve wus abundoned ufter its first 
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me Ursut bwewrsatus first used Ws t.ie familiar tiree-— 













Memeo er tyre for unualycine flue pas. This uppuratus Wes i:ter 
Mumeeremented by 2. Hays Cas .nmutyzer. ihe :rincizies of cCpere- 

tion are the Sume. sne dutter is not ticurzht te be us wecuenuae 
Meme 618 Simjue uanulyzed is oniy 50 ce ccinrared to 100 ce in 


Mmpbier ty-e. iloOwever, in uctudl orer.ticn, the twe units 


Meeeercd weil witiin the tetaui sccuracy iimits cf the investi:_- 


Poe «.S ceciasd first to rely on commerciul ciesicul re4a°ents 
Mer tue ubser:ticn cf tne sases. Trouble wus discuvered i:sedi- 
Peyeritn tice Pausent oh. UMBEAT, rmanufuctured by tue Burrveii 
Meee 2 i tbsburirs., rennsy.svanla,. 

Tue vrocedure wus to subject tia ~u& Sampsie to tus potus- 
Meetcroxide (avuh; Suiution (330 «ms to 1,00U cc, distilied 


mere )6CShL.2 @ecrecse in volume wus then wessured us is ecus- 


Mery. Further ex-osure to tle vincuuGen? eLiminuted the J 


2 
On the ~uS Sumiaie. hen the sam,.16 .218 measured for decreuie 


SeeeeiO ally then recnecked ufter further exrosure to the re~ 
Meent, 2t was found tint tise volume increused ratuer than de- 
\reused. Phe atwar.tus wor eneered for leaks und found to be 
Oieot. Furtier tie @18 Sunp.e wis found to be neld ct the 


we, ’ 


Memeo Cemcery.ture during tue testin;. parently tne (ie Ge 















gave Off srSee Bien .t Wau Bayposed ty. tLe exnmaust Pilz even 
thou, h it did absorb tie Loe Ritro:en ms bubbied threurk tne 
eeeom. tu diviwe off uny euch “uses, but the resu:ts Were tic 
ame. solution of 2U aS Sewer us. eC yea Cr sues ee oe 
Beever ond GO ce of potessiunm-iiydroxiae Solution wes .Sed fur 
ubsorction theraufter with exceiient results. Cuduets T 
meod to extract the CO with cuccess. whe oniy difficuit, 
ath this peuvent is t6at it) preci.itstes @yter use Mudgee 


Meecie holes in tie bubbler. 
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Bdgead vrifice with fuange tans used in this thesis is widely 
Known and used in experimentai iaberatories, it is not felt nec- 
essary to discuss the method here. 

The M.I.T. reader is referred tv a get of notes pubilsied 
by the Cioan Luboratory, M.I.T., entitied - "The Wexsurenment of 
air Flow by Heans of tne ASME Square Edged Orifice with Fisenre 
Taps”, by willium a. leary. The eouations and methods cf compu- 
| tation of sir flow used in this tresis ure discussed in detail: 

On pares 13 through i4 of the ubove notes. 

The information in the above notes is dusea on raterial de- 

rived from tue foliuwing publicutions on fiuid meters: 

(1) History cf cCrifice Meters ané tne Calibretion, Construce- 
tion, and vuperstion of urifices for Metering. The Ameri- 
Cun Socicty of Mechunical Engingers, New Yoryvy, 1935. 

(2) F.ow Measurement by Means of Utandurdized Nozzies and 
Crifive “’letes, sSMi Power Test Codes, Part V, Chapter 
£. Ve Ameritcun Society cf Mechanical Engineers, New 
York, ‘494,0. 

o>) Fluid #etewe: Their Theory amd applie@tion, 4th @dition. 
The American cociety of Meohunicsul Jnzgineers, New York, 
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Included in this secticn ure the smooth datg@ sheets, 


showing results cf duta and euleulations for 411 points 


hown on curves of Figures 7 through ll. 
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The Sumple calculaticnus break aown into fives separate sec- 
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Calculation of fusel-air rutio of the C.F.x., Spark-Igni- 
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tion, @neine. 
B. Calculation of fue.-uir ratic cf the modified C.F.Rx. 


Teac. 


ke 


gnging with Comet 
C. Culousation of air suppsied, sir retuinec, scauvenvinge 
efficiency und Scavenging ratio of the Fairbanks corse, 
Opposed riston, Uneins, Kodel p3845i. 
BD. Culcuiution cf alr suppiied, air retuinea, scavenging ef- 


ficiency und secavensing rutio of the Ceneral Motors, ver- 


18s "7i", ungine, Model #3-71. 
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Calculation of wir su; plied, sir retained, scavenging ef- 
flefency, and Scuversing ratio of the #.I.T. (C.F.8.}, 
Loop Scavenged ‘neine. 
sections .. and 8 involve the measurement of fuel rate und the 
Chicuiation of sir supoiied to tne engine. Fiow rate of uir wes 
measured by meuns Of an .OKE syuare-edved orifice with flunss 
Taps. Fuel rate was measured ty use of aw rotareter. 

Sections C through & involve the csiculetion of scuvenzing 


efficiency and scuvensing rutio, where: 
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- cylinder volur ft. H=> 1,544 ——- o. 
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Po «axhauat pressure ,f/,, 2 


The amount of air retuined in the cyiinder was estuhiisned 
uh analysis of the exhaust guses from which fusl-2ir (F) could 
found. {See Fissure 7.) 
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(i yvs “ep ( 
Sec Sec 

iy 
air supplied «as measured by the Same method used in actions 


and B. 





lili anonieter heignts, temperatures, etc., necessery for 
19 following caicusstions are recordsd ond can be found in the 


closed date sheets. (See Appendix fF.) 





- 
a 





- 37 - 
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since it wag thougnt that the "Comet Head" engine wouic be 
run over wide ranges cf uir fiow, Figure 2 was set up to facili- 
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